This study aims to compare the surgical outcomes of open reduction and internal fixation (ORIF) and minimally invasive plate osteosynthesis (MIPO) using a screw compression method in simple humeral shaft fractures.
Increasing traffic accidents and sports activities result in the increased incidence of humeral fractures, about 30%-50% of which are humeral shaft fractures. 1) It is known that union can be achieved by conservative management in humeral shaft fractures but operative intervention may be helpful to accelerate bone union and rehabilitation. [2] [3] [4] Although there are established surgical indications for humeral shaft fractures, 5) in recent years, operative treatment is often performed for early rehabilitation and return to daily life activities. 6) In the case of tibial fractures, the minimally invasive plate osteosynthesis (MIPO) technique is commonly used for internal fixation to increase the chance of bone union by preserving the biological environment. 7) Although there are growing attempts to implement the MIPO technique in humeral shaft fractures, the treatment outcome of MIPO in simple humeral fractures has not been satisfactory because it is difficult to obtain additional compressive strength at the fracture site. 8, 9) Therefore, open reduction and internal fixation (ORIF) is the preferred surgical method for simple humeral fractures, despite the problems innate in the open reduction technique. Extensive skin incisions raise the risk of postoperative infection and cosmetic problems and periosteal exposure requires a longer bone union time. To avoid such problems inherent to ORIF, we have attempted to perform the MIPO technique using a screw compression method, which we believed would provide additional compressive strength at the fracture site.
In this study, we compared the surgical outcomes of ORIF and MIPO using a screw compression method in simple humeral shaft fractures.
METHODS

Subjects
This retrospective study was performed with 50 patients who had surgical interventions for the treatment of simple humeral shaft fractures and had follow-ups for at least 12 months in Ulsan University Hospital between August 2008 and June 2015. The demographics of study population are presented in Table 1 . Patients with open fractures and any nerve injury before surgery were excluded in this study.
The subjects were divided into two groups. Group 1 included 23 patients who had ORIF and group 2 included 27 patients who were treated with the MIPO technique using a locking screw plate. This study was approved by the Institutional Review Board of Ulsan University Hospital (IRB No. 2017-02-021) and informed consent was obtained from all subjects. The mean age of the subjects was 50 years (range, 35 to 70 years) and there were 34 male patients and 16 female patients. There were 11 cases of transverse fracture, five cases of oblique fracture, and seven cases of spiral fracture in group 1 and 16 cases of transverse fracture, five cases of oblique fracture, and six cases of spiral fracture in group 2. The sufficient sample size suggested by a power analysis was 52 patients (26 patients in each group) to achieve a statistical power of 99% with a two-sided α level of 0.05 presuming an effect size of 0.8.
Surgical Method
For all subjects, 4.5-mm narrow limited contact locking compression plates (LC-LCP; Synthes, Zuchwil, Switzerland) and locking screws were used and conventional In group 1, a conventional anterolateral approach was used. In supine position, a 10-cm skin incision was made on the fracture site and the deltoid muscle and the biceps brachii muscle were exposed. The biceps brachii was medially retracted and the brachialis muscle was vertically incised to expose the fracture site. Once the periosteum was detached and a hematoma was evacuated, a locking plate and screws were applied using a reduction clamp.
In group 2, about 4-cm skin incision (range, 2 to 6 cm) was made on the proximal area of the fracture site for proximal window. With the anterolateral approach, an incision was made on the proximal humerus and the periosteum of the proximal humerus shaft was exposed between the deltoid muscle and the long head of the biceps brachii. About 3-cm skin incision (range, 2 to 4 cm) was anteriorly made on the distal humerus from 5-6 cm superior to the elbow joint for distal window. The biceps brachii muscle was medially retracted and the musculocutaneous nerve was carefully dissected and laterally retracted. When the brachialis was exposed, a vertical incision was made in the middle portion, and the distal humerus was exposed. Paying special attention not to damage the nearby soft tissues and the periosteum around the fracture site, a locking plate was placed on the anterior surface of the humeral shaft and a locking screw was inserted through the proximal incision. Then, indirect reduction was performed using an image intensifier and another locking screw was inserted through the distal incision. To avoid periosteal tears and radial nerve injuries during the insertion of the locking plate and screws, external rotation of the forearm during the intervention is recommended. When a proper bone alignment was achieved, compressive strength was obtained using conventional screws. For that purpose, the locking screws were slightly loosened (about 1/3) to maintain the bone alignment, and the conventional screws were inserted into the nearest holes from the fracture site to obtain compression. The holes were drilled further away from the fracture site and conventional screws were applied to obtain compression. Once the compressive strength was obtained on the fracture site, 2-3 locking screws were additionally applied inferior and superior to the fracture site. The locking screws initially inserted to maintain the bone alignment were removed at the end. Only after satisfactory reduction was achieved, two compression screws were replaced with locking screws. This operative procedure is demonstrated in Fig. 1 and a successful case using this technique is demonstrated in Figs. 2-4. The understanding of the anatomy of the radial nerve is important because percutaneous insertion of a plate can cause radial nerve palsy. The radial nerve runs medially from the humeral shaft in the proximal third of the humerus, posteriorly from the humeral shaft in the middle third of the humerus and laterally from the humeral shaft in the distal third of the humerus. Thus, the plate was anteriorly inserted to minimize lateral dissection and radial nerve injuries. If a plate is laterally inserted during MIPO, special attention should be paid during the advancement of the plate towards the distal humerus. The plate should be placed posterior to the long head of the biceps brachii and the holes should be carefully drilled through the other side of the cortex of the humerus to prevent radial nerve damage.
The length of the plate was determined allowing for insertion of 3-4 screws in the plate holes from the fracture 
Rehabilitation
A right-angled long arm splint that protects the elbow joint was applied immediately after the operation, and the development of radial nerve injury was closely observed on a regular basis. Shoulder, elbow, finger, and wrist range of motion (ROM) exercises were carefully started on the postoperative day 2 or 3. After 2 weeks, the long arm splint was removed and active exercises were commenced. Resistant exercises were initiated after 3 months.
Postoperative Management
Radiographic examination was performed immediately after the operation and then every 2 weeks for the first 4 months, every month for the next 2 months, and every 3 months afterwards to evaluate radiographic union and deformity. Radiographic union was considered achieved when bone bridges of the three cortices became visible on anteroposterior and lateral X-ray views. Clinical union was defined as the absence of pain or tenderness at the fracture site. The subjects were followed up every 6 months for functional assessment after union. Postoperative evaluation was done in an outpatient clinic setting solely by a single operator.
Clinical Evaluation
Postoperative functional ability was evaluated using Korean Shoulder Elbow Society (KSS) score (100 points) which is comprised of activities of daily living function (30 points), pain (20 points), self-reported assessment (10 
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Clinics in Orthopedic Surgery • Vol. 9, No. 4, 2017 • www.ecios.org points), shoulder ROM (20 points), muscle strength (10 points), and endurance (10 points). American Shoulder and Elbow Surgeons (ASES) score and the University of California at Los Angeles (UCLA) score (35 points) were also used to evaluate shoulder function. Pain was assessed using a visual analogue scale (VAS). For the evaluation of the shoulder ROM, forward elevation, external rotation, and internal rotation were measured with the shoulder abducted, and flexion and extension angles of the elbow joint were assessed.
Statistical Analysis
Statistical analysis was performed using SPSS ver. 17.0 (SPSS Inc., Chicago, IL, USA) with a significance level set at p < 0.05. To evaluate characteristics of study population and compare postoperative outcomes between two groups, statistical analyses were performed using a Mann-Whitney U-test. Due to the limitation of the retrospective study design, there were a slightly insufficient number of subjects, which was compensated by using nonparametric statistics.
RESULTS
There were no significant differences in the mean age, sex, follow-up time, delayed surgical days, and fracture patterns between the two patient groups ( Shoulder and elbow joint function evaluated by joint ROM and VAS, KSS, ASES, and UCLA scores was excellent in both groups. The average shoulder ROM of group 1 at 12 months after the operation was forward elevation of 160°, external rotation of 30° in adduction and thoracic vertebra 10 level in internal rotation. The average shoulder ROM of the group 2 at 12 months after the operation was forward elevation of 170°, external rotation in adduction of 35° and thoracic vertebra 9 level in internal rotation. The mean VAS, KSS, ASES, and UCLA scores of group 1 were 2.8, 87.0 ± 0.9, 89.4 ± 0.9, and 31.0 ± 1.4, respectively. Those of group 2 were 1.7, 89.1 ± 2.7, 91.0 ± 1.6, and 32.4 ± 3.2, respectively. There were statistically significant differences in VAS scores (p = 0.011) ( Table 2) . Radial nerve palsy occurred in two patients in group 1 (7.2%) and in one patient in group 2 (4.2%), all of which subsided within 3 months. There were significantly less postoperative infections in group 2 (three cases, 10.7% in group 1 vs. 0 case in group 2; p = 0.041) although all were superficial infections and well-treated by an average 4-week course of 
DISCUSSION
The study results demonstrated satisfactory surgical outcomes of MIPO using a screw compression method in the treatment of humeral simple fractures. The use of MIPO technique is gradually increasing not only for the treatment of humeral shaft fractures but also for other fractures since it facilitates bone healing process by preserving the biological environment of fracture sites and the technique is easy to perform. 10) Conservative management used to be the gold standard for the treatment of humeral shaft fractures. Lately, however, the use of operative treatment is increasing for rapid return to daily life. In the past, internal fixation or intramedullary nailing fixation with conventional screws and plates was primarily performed for the treatment of humeral shaft fracture, but, in recent years, the use of MIPO technique is increasing. [11] [12] [13] [14] The MIPO technique is generally used for shaft fractures and metaphyseal fractures accompanying osteoporosis, which can be treated with indirect reduction as anatomical reduction is not required and for multi-fragmentary fractures, which can be treated with bridging plate fixation. However, the MIPO technique can also be used for simple shaft fractures and metaphyseal fractures. [15] [16] [17] [18] [19] [20] Bae et al. 6) reported that there were no statistically significant differences in the time to union among the plate fixation, intramedullary fixation and external fixation performed for the treatment of humeral shaft fractures. Among humeral shaft fractures, simple fractures which can be treated with conventional ORIF with excellent surgical outcomes can also be an indication for MIPO considering the convenience of the MIPO technique. The convenience of the technique includes wide acceptable range of fragmentary displacement and unproblematic use of the devices.
In cases of simple humeral shaft fractures, conventional ORIF without excessive stripping of soft tissues, performed by experienced surgeons, resulted in excellent postoperative ROM and minimal postoperative infections. In general, postoperative infection rates are lower in MIPO than in conventional ORIF because MIPO preserves blood supply to the bone and nearby soft tissues. [21] [22] [23] [24] Furthermore, postoperative infections after MIPO are less aggressive and easier to manage than those after conventional ORIF because infection after MIPO tends to be limited in the plate and soft tissues and the periosteum is well preserved. 7) Despite the advantages of MIPO, ORIF remains the most popular treatment option for the management of simple humeral shaft fractures by achieving anatomical reduction; MIPO has not yet been fully proven to be an equally effective method for the treatment of humeral shaft fractures.
We have achieved satisfactory results by using the MIPO technique to overcome the disadvantages of ORIF; by applying additional compressive force to the fracture site using compression screws, we have successfully minimized the fracture gap size. In addition to the technical convenience mentioned above, the advantages of MIPO encompass creating a better biological environment around the fracture site, omission of plate bending and cosmetic benefits. 25, 26) Moreover, possible complications such as iatrogenic fractures and limited ROM after intramedullary fixation were significantly reduced. 27) In our study, significantly shorter clinical/radiographic bone union time was found in the MIPO group, probably due to the intact periosteum and periosteal vessels. In addition, the VAS score 1 year postoperatively was also significantly lower in the MIPO group due to the relatively small skin incision and less soft tissue stripping. Elbow and shoulder function and ROM assessed using KSS, UCLA, and ASES scoring systems showed excellent results in both groups.
Risks of secondary radial nerve injury, as one of the most serious complications that may occur in both ORIF and MIPO groups, associated with surgical treatment of humeral shaft fractures should be acknowledged. In ORIF, the radial nerve can be exposed and protected. In MIPO, however, the understanding of the anatomic course of the nerves is required as nerves cannot be visualized, increasing the risk of intraoperative nerve injury. The radial nerve can be damaged by a retractor or a plate and screws because it is located medial to the proximal one third of the humerus, posterior to the middle one third of the humerus, and lateral to the distal one third of the humerus. 19, 28) Thus, special attention should be paid when a retractor is used during the operation and a plate is inserted into the distal humerus. Apivatthakakul et al. 28) reported that radial nerve damages and plate bending can be prevented if the forearm is kept in full supination during the insertion of a plate in a cadaver study. We also used this method in this study, which resulted in temporary radial nerve palsy in one case. Drilling at the middle of the humerus to make holes for screws as well as screw insertion should be carefully done to avoid too deep insertion of the screws. Radial nerve damage could be minimized with this method, so there was only one case of postoperative radial nerve palsy in group 2 in contrast to two cases in group 1.
Although there is a risk of radial nerve damage in
